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Fig. 1. Metasurface structure: (a) Perspective view; (b) top view; (c) the principle of refraction of electromagnetic waves.
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Fig. 2. Phase control performance of y-polarization: (a) Reflection phase; (b) RCS of proposed surface.

F 1 ARMABK L BES PO R (L, = 12.0 mm)
Table 1. Relationship between the side length L, of the patch and the frequency (L, = 12.0 mm).

BB R IAK L, /mm IR A L,y/mm =5 K Ly /mm SEPUEEIEING K L, /mm

4% / GHz
6.5 13.2 12.2
7.5 11.9 10.5
9.0 10.3 8.8

11.6 4.1
9.6 3.8
7.9 3.5

204101-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 % 3R Acta Phys. Sin. Vol. 74, No. 20 (2025)

(a) —=5.0

g = T2

A —125F _ —

o

~

w0

2

o —200f

3

[

g

0

Q

5§ —275} - - Metal

= - L,=11.5 mm
—k— L, =12.0 mm
-~ L, =12.5 mm

—35.0 " .

5.0 5.5 6.0 6.5 7.0 7.5 8.0
Frequency/GHz

3wt Ak K I B G RCS i £

204101

(b) —5.0

Z _ - -

g —125F _ —

o

~

w0

2

o —20.0f

2

@

%

Q

§ _orst — - Metal

= -9 R=200Q
— R =500 Q
A~ R=1200 Q

—35.0 L .

5.0 5.5 6.0 6.5 7.0 7.5 8.0
Frequency/GHz
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Fig. 3. X-polarized RCS of proposed surface: (a) L, = 11.9 mm, L, = 10.5 mm, L,z = 9.6 mm, L, = 3.8 mm, R = 500 ©;
(b) L, = 12.0 mm, L, = 11.9 mm, L,, = 10.5 mm, L, = 9.6 mm, L, = 3.8 mm.
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Fig. 4. Scattering patterns of the metasurface: (a) Metal; (b) x polarization; (c) y polarization.
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Fig. 5. Design process of metasurface antennas: ( ) Metasurface; (b) reference antenna; (c) traditional antenna; (d) antenna 1;
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Fig. 6. Radiation current distribution map: (a) Reference antenna; (b) antenna 1; (c) antenna 2.
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Abstract

To address the challenges of the complex design process and long optimization time for antenna radar cross

section (RCS) reduction, this paper adopts the low-RCS antenna design concept of “first scattering then

radiation” and implements dual-polarized RCS reduction of the antenna based on the hybrid mechanism. A

dual-polarized low-scattering metasurface antenna is proposed, which overcomes the drawbacks of traditional

low-RCS antenna design methods. Firstly, a dual-polarized low-RCS metasurface antenna is designed based on

the amplitude and phase control characteristics of the metasurface, achieving independent control of the

reflected beams for different polarized incident waves. Secondly, drawing on the radiation structure of

traditional patch antennas, a local adjustment is made to the metasurface based on the low RCS metasurface.

The antenna radiation is achieved through coaxial feed excitation. Finally, combined with the current
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distribution adjustment of the radiation structure, the antenna radiation performance is rapidly optimized.

Through simulation and experimental verification, the proposed antenna not only has good radiation
performance but also can achieve the reduction of dual-polarized RCS reduction inside and outside the
frequency band. Compared with the traditional low-RCS antenna design methods, the reverse design concept of
“first scattering then radiation” adopted in this work and the new method of reducing the dual-polarized RCS
reduction of the antenna based on a hybrid mechanism effectively resolve the contradiction between radiation
and low scattering caused by the compact structure of the metasurface antenna, greatly simplifying the design
process of the low-scattering metasurface antenna. The antenna adopts a single-layer dielectric design to achieve
RCS reduction, and has the characteristics of simple structure, compactness, and low profile.
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